Abstract-Scientific innovation is often reflected in the engineering processes. On the contrary, the engineering processes hidden in advanced technologies can provide many vivid teaching materials for effective innovation and engineering educations to the college students in high school. In this paper, we conclude the advancement of electrospinning processes, which is fast developed from one-fluid blending process two decades before to two-fluid coaxial electrospinning, and now develops three-fluid tri-axial electrospinning. The increase of working fluids in electrospinning is useful for college students to provoke their interests in advanced nanotechnologies. Meanwhile, the increase of working fluids in electrospinning is also excellent teaching materials for the students to build linkages between their previous knowledge and new technologies, so deepening their comprehensions on them. What is more, the increase of working fluids in electrospinning is excellent teaching materials for the students to learn how to implement innovations all by themselves， such as engineering design innovation, analogical innovation, and innovation of analytical methods.
INTRODUCTION
Today, the fast development of science and engineering require that the college students have a well grasp of the related advanced technologies within their majoring fields, who aim to become an excellent engineer in future in the society. For students from the disciplines focusing on science and technology, on one hand, the preparation and characterization technologies comprise the most important contents that they should learn in their senior grades in the university. On the other hand, numerous vivid teaching materials can be refined from these advanced technologies for a better engineering education and improving their innovation capability. Or in other sentence, advanced technology can provide a fine platform for the integration of engineering education and innovation education (Fig. 1A) .
In a concrete engineering education about the materials, the advanced technologies can shine their lights on a series of teaching areas about the related knowledges. These knowledges include the material science, the scientific theories about preparation, the mechanisms about the working processes utilized to treat the raw materials, the related processing methods and the exploited tools, and also some key issues in the future development of a certain discipline (Fig.  1B) . Fig. 1 Advanced technology can provide a joint point for both engineering education and innovation education in high school (A), and it always shines lights on the engineering educations to undergraduate students.
As a nano era, the advanced technologies frequently occur in the field of nano science and engineering. The two main categories of nanotechnologies are "top-down" and "bottom-up" nanofabrication methods with a very small section of advanced nanotechnologies taking a combined manner of "top-down" and "bottom-up" processes [1] . Electrospinning, derived from electrostatic spinning, is a typical "top-down" process. This nanotechnology has a series of unique properties making it very popular in the present scientific research fields and also in the potential industrial applications [2] [3] [4] [5] [6] [7] . These properties include a very simple process (one-step), a straight forward manner to create solid nanofiber, very cost, and excellent properties of the resultant nanofiber non-woven mat [8] [9] [10] [11] [12] [13] .
During the past two decades, the electrospinning technology has developed from the traditional single-fluid blending electrospinning process to the double-fluid coaxial and side-by-side electrospinning processes, and now is fast developing to the three-fluid tri-axial electrospinning processes and some complex processes characterized by a combination of coaxial and side-by-side processes [14] [15] [16] [17] [18] [19] [20] [21] . In 2002, the coaxial electrohydrodynamic atomization (EHDA) process was first reported by Loscertales et al, which is essentially about a traditional coaxialelectrospraying process [22] . Later in 2004, Dzenis declared that coaxial electrospinning is one of the most important breakthroughs in this field [23] . Most recently, the even complicated tri-fluid coaxial electrospinning was demonstrated to be useful in creating tri-layer nanofibers [24] . A diagram showing the development of new kinds of electrospinning processes is given in Fig. 2 . The more the working fluids involve simultaneously, the more complicated the electrospinning processes are. Meanwhile, excellent teaching materials can be refined from this development process for effective engineering and innovation education for college students in their senior years in high school. 
II. THE INCREASE OF WORKING FLUIDS IN ELECTROSPINNING IS USEFUL FOR COLLEGE STUDENTS TO PROVOKE THEIR INTERESTS ABOUT ADVANCED NANOTECHNOLOGIES
First of all, the increase of working fluids simultaneously treated in electrospinning will bring out interesting phenomena, which is very useful to provoke the students' interests about the advanced nanotechnologies, and to make the explanations of electrohydrodynamic mechanisms to the students easier and more vivid.
Shown in Fig. 3 are a series of phenomena captured using camera under a certain magnifications. Fig. 3A gives a typical electrospinning develops processes, i.e. the formation of a Taylor cone, followed by a straight fluid jet, and later a bending and whipping process is initiated with gradually enlarged loops. Fig. 3B and Fig. 3C are Taylor-cone-straightfluid-jet-bending-whipping processes of coaxial and tri-axial electrospinning processes, respectively. Apparently, these processes are similar in the developing processes. This is because that the processes reflect the interactions between the working fluids and the electrical fields, which has the similar mechanism regardless of the number of working fluids.
However, when the Taylor cones are further enlarged, the differences can be discerned. A single Taylor cone with an even blue color can be read from Fig. 3A for the single-fluid blending electrospinning process. However, a two-layer and a tri-layer compound Taylor cone can be observed clearly for the coaxial electrospinning and tri-axial electrospinning from Fig. 3D and 3E , respectively. The similarities and distinctions of one-fluid, two-fluid and three-fluid electrospinning processes can greatly impact the students, make them go ahead from "look, hear, listen" to "think why" and finally to "try how", increasing their willing in engineering studies. 
III. THE INCREASE OF WORKING FLUIDS IN ELECTROSPINNING IS EXCELLENT TEACHING MATERIALS FOR THE STUDENTS TO BUILD LINKAGES BETWEEN THEIR PREVIOUS KNOWLEDGE WITH NEW TECHNOLOGIES, TO DEEPEN THEIR COMPREHENSIONS ON THEM
Besides provoking interests of the students, the teachers can make full usage of the electrospinning advancements to promote them to link their previous professional knowledge with the new techniques. It is anticipated that these linkages would effectively deepen their comprehensions on these advanced technologies.
For example, the initiation of electrospinning process is always a balance between the electrical field (E) and the surface tension of working fluid (γ) regardless of the simultaneously treated working fluid number. For the singlefluid blending electrospinning, it is ease to grasp for only one working fluid and only one air-liquid interface. However, when the working fluids increase to two and three kinds, a series of air-liquid and liquid-liquid interfaces would appear. This is to say that a series of interfacial surface tension will play their roles in the electrospinning processes, such as outer air-sheath-liquid surface tension (γo) and core-sheath fluids interfacial surface tension (γinter), shown as Fig. 4 . The explanations of these contents would be useful for the students for better understanding the reason that an "apparent" and "simple" increase of working fluid number from one to two can be thought of a very important breakthrough. Meanwhile, these contents should let them to take this chance to review their previous knowledge about this and other disciplines such as polymer science, physical chemistry, fluid mechanics, interfacial chemistry, and rheology. 
IV. THE INCREASE OF WORKING FLUIDS IN ELECTROSPINNING IS EXCELLENT TEACHING MATERIALS FOR THE STUDENTS TO LEARN HOW TO IMPLEMENT INNOVATIONS ALL BY THEMSELVES
Innovation can be defined as something original and more effective. It is often viewed as the application of better solutions that meet new requirements, which is accomplished through more-effective products, processes, services, or technologies. Scientific innovation is related to (but not the same as) invention, this is because it is more apt to involve the practical implementation of an invention to make a meaningful impact in the related disciplines. It is often manifested via the engineering process, when the problem being solved is of a technical or scientific nature. Thus, for the advancements of electrospinning from one fluid to two fluids and finally to three fluids, a series of different kinds of materials can be explored for both engineering and innovation educations on the college students, guiding them to implement innovations all by themselves. Shown in Fig. 5 is a diagram that three directions can be utilized for expanding innovation educations. One is about the engineering design innovation, a series of raw materials can be similarly utilized to try the electrospinning processes for preparing new types of nanofibers. These variations include the applied solvents, the additive surfactants, salt little chemical molecules, lipid and also other polymers besides the filament-forming polymer matrices. The second is about the analogical innovation of similar technology, for example, the single-fluid electrospraying can be developed to two-fluid coaxial electrospraying, and to tri-fluid coaxial electrospraying [25] [26] [27] [28] [29] . The third is about innovation of analytical methods. Not only new methods can be introduced into the analyses of the as-prepared nanofibers, but also different kinds of characterization methods can be organized together for fully and completely characterizing the final nanoproducts, such as scanning electron microscope (SEM), transmission electron microscope (TEM), X-ray diffraction (XRD), differential scanning calorimetry (DSC), and some other functional application analyses. 
SUMMARY
A series of teaching materials are successfully refined from the advancement of electrospinning processes, which is fast developed from the one-fluid blending process two decades before, to two-fluid coaxial electrospinning, and now the three-fluid tri-axial electrospinning. These vivid teaching materials is not only useful for provoking college students' study interests on advanced nanotechnologies but also is an efficacious manner for the college students to build linkages between their previous knowledge with new technologies and to deepen their comprehensions on the advanced technologies. Three directions can be explored form the progresses of electrospinning for expanding innovation educations, engineering design innovation, analogical innovation of similar technology, and innovation of analytical methods.
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